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Staple occlusion of the infrarenal aorta: A 
videoscopic retroperitoneal approach 
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Purpose: The purposes of this study were to determine whether available laparoscopic 
stapling devices could be used to interrupt he diseased human aorta, and to develop a 
videoscopic technique for retroperitoneal exposure and control of the infrarenal aorta in 
pigs. Our long-term goal is to develop aminimally invasive approach to the treatment of 
abdominal aortic aneurysms by exclusion and extraanatomic bypass. 
Methods: Ten diseased, formalin-preserved human cadaver aortas underwent stapling 
using a laparoscOpic stapling device. The aortas were then pressurized to superphysi- 
ologic levels to assess the integrity of the staple line. Ten swine underwent retroperitoneal 
video-assisted xploration with control and staple occlusion of the aorta and iliac artery. 
Results: The staple line was complete and remained intact after pressurization i nine of 
10 cadaver aortas, despite the presence of complex calcified disease. One aorta had a 
2-mm opening through the staple line. Through the left retroperitoneal pproach, the 
infrarenal aorta and left iliac artery could be dissected and controlled. A modified 
pledgeted technique used for stapling resulted in hemostasis of the staple line and 
exclusion of flow without injury to adjacent structures. 
Conclusions: The diseased human aorta can be occluded using available laparoscopic 
staplers. These swine experiments demonstrate the feasibility of the retroperitoneal 
approach for exclusion of infrarenal aortic aneurysms. (J Vasc Surg 1997;25:786-90.) 
More than 30,000 abdominal aortic aneurysm 
(AAA) repairs are performed annually in the United 
States? This figure accounts for only a fraction of all 
patients who potentially need AAA repair, as illus- 
trated by the fact that rupture and exsanguination f
untreated AAAs is among the 10 leading causes of 
death in elderly men. 2 Standard repair of  AAA in- 
volves replacing the aneurysmal segment with a syn- 
thetic graft and is associated with a mortality rate of 
3% to 5%. 3 The risk of  repair is significantly higher in 
patients who have severe coronary disease, pulmo- 
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nary dysfunction, or renal insufficiency? Although 
many patients who die of ruptured AAA were un- 
aware of the problem, others are denied surgical 
repair because their risk is considered excessive. 
Surgical repair has been the mainstay of  treat- 
ment of AAA and remains the only proven form of  
therapy. Less-invasive procedures that combine an- 
eurysm exclusion with axillobifemoral bypass have 
been developed to treat high-risk patients. 4-n Out- 
flow occlusion was found to be inadequate in pro- 
tecting against aneurysm rupture, s-9 Proximal and 
distal ligation combined with axillobifemoral bypass 
can be performed with an acceptable mortality rate 
and appears to protect against AAA rupture, n Al- 
though this technique was promising, operative liga- 
tion of the aneurysm neck required nearly the same 
degree of dissection and exposure as a standard re- 
pair, diminishing the perceived advantage of  this 
approach. 
Minimally invasive surgery has revolutionized 
general surgery, resulting in new approaches that 
reduce perioperative pain and hasten recovery. Re- 
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Fig. 2. Cross-sectional view of swine at level of kidneys. 
Dissecting balloon is inflated behind left kidney, displacing 
it anteriorlv. Balloon dissection creates a retroperitoneal 
space that abuts aorta medially. 
Fig. 1. Technique for ex situ testing of staple line pro- 
duced by laparoscopic linear stapler. Side branches of su- 
prarenal aorta were ligated, and proximal aorta was at- 
tached to saline solution infusion line. Integriq r of linear 
staple line was examined after aorta was pressurized to 250 
mm Hg. 
ports have begun to appear that ddress the use of 
laparoscopic techniques for the treatment of aortic 
diseases. 12-13 Recent innovations in videoscopic 
equipment have made it easier to operate in the 
retroperitoneum without a flank or abdominal inci- 
sion. 14 The purposes of this study were to determine 
whether available laparoscopic stapling devices could 
be used to occlude the diseased human aorta, and to 
develop a videoscopic technique for retroperitoneal 
exposure and control of  the infrarenal aorta in pigs. 
These are the first steps in developing a minimally 
invasive approach for the treatment of AAA by exclu- 
sion and extraanatomic bypass. 
MATERIALS  AND METHODS 
Ex situ cadaveric human aorta studies. Ten 
atherosclerotic human cadaver aortas that had been 
removed at autopsy and preserved in formalin were 
used in the first phase of  this study. A minimally 
invasive linear stapling device was used to occlude 
the infrarenal aorta. After suture ligation of the side 
branches, the proximal aorta was attached to a saline 
solution infusion line with an in-line manometer. 
Pressures were gradually increased to 250 mm Hg, 
and the integrity, of  the staple line was assessed (Fig. 
1). 
In  vivo videoscopic retroperitoneal ortic sta- 
pling. Care and use of all farm swine in phase I I  
experiments followed the guidelines of the Institu- 
tional Animal Care and Use Committee at the Uni- 
versiq~ of Nebraska Medical Center. Ten farm swine 
(40 to 60 lb) were used for these experiments. Seda- 
tion was achieved with intramuscular dministration 
of Telazol. An intravenous line was placed for main- 
tenance of adequate anesthesia using pentobarbital. 
The pigs were intubated and placed on room air 
assisted mechanical ventilation for the duration of 
the operation. 
The pigs were placed in the right lateral decubitus 
position. An incision was made midway between the 
costal margin and iliac crest adjacent o the paraspi- 
nous muscles. Digital dissection was used to identify 
the retroperitoneal space and left kidney before plac- 
ing a dissecting balloon in this space. Balloon infla- 
tion created a large retroperitoneal space (Fig. 2). 
The balloon was then removed and the space insuf- 
flated, allowing visualization of the kidney and ure- 
ter, which were displaced anteriorly. Three surgical 
ports were subsequently placed as shown in Fig. 3. 
The left renal artery and renal vein were easily visual- 
ized and provided an important anatomic landmark. 
Dissection of  the infrarenal aorta was performed with 
standard videoscopic surgical techniques, taking spe- 
cial care to avoid lumbar branches of the aorta. Be- 
cause bleeding at the staple line was encountered in
the first two pigs, the technique for stapling was 
modified. The posterior aortic surface between lum- 
JOURNAL OF VASCULAR SURGERY 
788 Murayama et al. April 1997 
Fig. 3. Three ports are placed between the costal margin 
cranially and the iliac crest caudally as shown. The most 
posterior port is used for camera placement. Ten-millime- 
ter ports are used for dissection, whereas a12 mm anterior 
port is required for the stapler. A fourth port may be placed 
to help with retraction of the peritoneum. 
bar arteries was bluntly dissected, as was the anterior 
wall of  the aorta. A flexible " J ' -shaped grasper was 
advanced behind and around the right side of the 
aorta. The end of  a strip of  expanded polytetraflno- 
roethylene (ePTFE; 0.4 mm thick, 1 cm wide, 20 cm 
long) was placed in the grasper and pulled back 
around the aorta. The staple line was placed across 
the ePTFE, resulting in a hemostatic "sandwich" of 
ePTFE-anterior aortic wall-posterior aortic wall- 
ePTFE (Fig. 4). Before firing, the distal tip of  the 
stapler was visualized with a 30°-angled viewing 
scope to avoid injury to the left renal artery and the 
inferior vena cava. The left iliac artery was easily 
controlled and stapled from the same approach. 
To evaluate the effectiveness ofaortic ligation and 
flow in the renal arteries, an endoscopic olor-flow 
Doppler ultrasound probe was used before and after 
aortic ligation. After completion of  the operation, 
the swine were killed with a lethal injection of  potas- 
sium chloride (KCL). 
RESULTS 
Ex vivo cadaveric human aorta studies. When 
the 10 formalin-fixed human aortas that had been 
stapled were infused to a pressure of 250 mm Hg, the 
staple line was found to be completely occlusive in 
nine of 10 aortas. There was a 1 to 2 mm opening 
Fig. 4. A "sling" of ePTFE is placed around infrarenal 
aorta just below renal arteries. Lumbar arteries are easily 
identified. Linear stapling device is placed across ePTFE 
and aorta to create a "sandwich" of ePTFE-aortic wall- 
aortic wall- ePTFE. 
noted within the lumen in an area of  dense calcifica- 
tion in one aorta. Because the pledgeted staple tech- 
nique was not used for the cadaver aortas, a small 
amount of extraluminal leakage of saline solution was 
noted through the proximal staple line. Examination 
of a cross-section of the aorta at the staple line dem- 
onstrated appropriate folding and closure of the 4.8 
mm staples. 
In  vivo swine videoscopic aortic l igation. All 
10 farm swine underwent successful staple ligation of 
the aorta. Although bleeding did occur at the staple 
lines before the use of the pledgets in the first two 
pigs, no bleeding was noted from the pledgeted 
staple lines. The initial operating times were in the 
range of 11/2 to 3 hours, but operating time decreased 
to 30 to 45 minutes with increasing experience. In- 
juries to small vessels uch as the lumbar arteries were 
encountered and were treated by application of  sur- 
gical clips. No renal artery or aortic injuries occurred. 
Color Doppler examination was used to evaluate 
flow through the aorta, renal arteries, and inferior 
vena cava. Color Doppler imaging before ligation 
revealed normal aortic flow. After ligation, the du- 
plex scan confirmed aortic occlusion and verified 
preservation of normal blood flow in the right renal 
artery and the inferior vena cava. The left common 
iliac artery was easily controlled and stapled through 
the same approach. 
D ISCUSSION 
A minimally invasive approach to the treatment 
of AAA would be particularly beneficial to the subset 
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of patients who have AAA and significant comorbid 
diseases. This study was the first step in developing 
such an approach using aortic exclusion and ex- 
traanatomic vascular bypass. The first phase of the 
study was designed to determine the feasibility of 
using an available laparoscopic stapling device to 
occlude the human aorta. We demonstrated that this 
device can effectively occlude the atherosclerotic hu- 
man aorta and that these staple lines can withstand 
short-term superphysiologic intralluminal pressures. 
Extraluminal leakage of saline solution through the 
staples reinforced the need for a pledgeted staple 
line. Although the staples did not tear or cut the 
diseased aorta, these aortas were formalin-preserved 
and were not pressure-perfused during the stapling. 
Thus although the device proved effective in trans- 
versing and occluding the diseased human aorta, this 
study did not specifically address the safety of this 
technique under physiologic conditions. 
In the second phase of the study, the technique 
ofvideoscopic retroperitoneal aortic ligation was de- 
veloped and refined in swine. We were able to suc- 
cessfully perform infrarenal aortic and left iliac liga- 
tion in all animals. An initial attempt at stapling the 
nondiseased aorta without a pledget of ePTFE was 
complicated by bleeding from the staple holes. Sub- 
sequent staple lines were placed with a pledget of 
ePTFE. The pledget served two important functions: 
it provided hemostasis and prevented leakage 
through staple holes, and it spread the force of the 
staple over a larger area, which may help prevent 
aortic injury. Color Doppler examination confirmed 
that videoscopic nterruption of the infrarenal aorta 
completely eliminates antegrade blood flow. In addi- 
tion, the duplex analysis allows us to document renal 
artery blood flow after stapling. Interruption of the 
right iliac artery was not addressed in this study, but 
could be accomplished with a similar approach 
through the fight flank or extension of the right 
groin incision at the time of the axillobifemoral by- 
pass procedure. 
Abdominal aortic aneurysms are a significant 
health problem in the United States, and rupture 
remains a common cause of death in elderly men. 2 
Although transabdominal or retroperitoneal replace- 
ment of the aneurysmal segment can be completed 
with reasonable morbidity and mortality rates, there 
remains a small group of patients who are refused 
operative repair because of associated medical prob- 
lems. It is in this high-risk group of patients that 
alternative therapies for AAA disease have been pro- 
posed. The successful development of the axil- 
lofemoral bypass procedure led Blaisdell et al. s to 
first describe "nonresective" therapy for AAA. The 
procedure included a right axillofemoral bypass and 
femorofemoral bypass with ligation of the proximal 
left femoral artery. The second stage of the operation 
was performed a month later, at which time the 
infrarenal aorta (proximal to the aneurysm) and the 
common iliac arteries were ligated. This operation 
proved successful in short-term follow-up. Interest in 
nonresective therapy for AAA was renewed in the late 
1970s as several authors reported techniques for out- 
flow occlusion and aneurysm thrombosis by deposi- 
tion of a variety of thrombogenic materials into the 
aneurysm. 7-1° All of these operations were accompa- 
nied by an axillofemoral bypass to reestablish lower 
extremity blood flow. Unfortunately, aneurysm rup- 
ture after documented thrombosis was reported in 
7% to 22.5% of patients. 7-s A more current report by 
Pevec et al.ll has demonstrated the safety and efficacy 
of aneurysm exclusion, provided that the proximal 
aorta is occluded. 
Most recently, there has been intense interest in 
the treatment of AAA with endovascular stenting 
tecniques. Parodi et al. is introduced the concept of 
endovascular stenting in 1991 as an alternative in 
patients who are at high risk with traditional AAA 
therapy. While clinical trials evaluating this minimally 
invasive therapy for AAA disease are in progress, 
questions remain regarding complications atthe time 
of implantation, the durability of the devices, and the 
effectiveness of long-term aneurysm exclusion. 
Lumsden et al?6 have reported two cases of delayed 
rupture of an AAA after seemingly successful deploy- 
ment of an endovascular stent graft. The ultimate 
role and benefit of endovascular stent grafting in the 
treatment of AAA remains to be determined. Be- 
cause the videoscopic retroperitoneal pproach al- 
lows visualization and manipulation of the aorta, 
combining this approach with endovascular stent de- 
ployment may have advantages. Adequate seating of 
the proximal stent struts and circumferential but- 
tressing of the aorta could prevent expansion and 
leakage around the proximal margin of the stent, 
which would ultimately result in dilatation and rup- 
ture of the AAA. This approach could also be used 
for sympathectomy or vena caval interruption. 
Minimally invasive surgical techniques are being 
applied to an increasing spectrum of complex opera- 
tions. Until recently, vascular surgery has not real- 
ized any benefit from this explosion of laparoscopic 
techniques. In 1993, Dion et al?2 reported a laparos- 
copy-assisted aortofemoral bypass procedure in 
which most of the dissection was performed before 
an 8 cm incision was made for the anastomoses. In 
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1995, B erens et al.13 reported aseries o f  four patients 
in whom they successfully performed two iliofemoral 
bypass procedures, one aortobifemoral bypass proce- 
dure, and one aortoiliac endarterectomy. The retro- 
peritoneal approach we describe offers several poten- 
tial advantages for video-assisted aortic surgery. The 
aorta can be controlled above the renal arteries, the 
lumbar arteries are visualized, and retraction of  the 
intestine is facilitated by its containment within the 
peritoneum. 
These novel applications o f  minimally invasive 
techniques must fulfill several expectations: (1) the 
operative morbidity and mortality rates and clinical 
outcome should be similar to those of  the standard 
surgical approach once the learning curve has been 
overcome; (2) the operation should be based on a 
proven surgical technique; (3) the average surgeon 
should be able to perform the minimally invasive 
procedure with outcomes comparable with the stan- 
dard procedure; and (4) the minimally invasive ap- 
proach must afford some benefit either to all patients 
or to a specific subset o f  patients. The minimally 
invasive approach we have described for the treat- 
ment o f  AAA should fulfill these expectations. Pevec 
et al. 11 have demonstrated that exclusion of  AAA and 
extraanatomic bypass is a reasonable alternative to 
standard graft placement in high-risk patients. Our  
study demonstrates the feasibility ofvideoscopic ret- 
roperitoneal aneurysm exclusion. This preliminary 
work does not  address the safety o f  using this tech- 
nique in human beings. The approach described re- 
quires training and understanding of  the retroperito- 
neal anatomy as seen through a laparoscope. This 
anatomy, however, is familiar to general and vascular 
surgeons. In addition, this approach provides wide 
exposure for control and occlusion of  the aorta and 
left iliac artery. Finally, a minimally invasive approach 
to AAA exclusion and extraanatomic bypass may af- 
ford high-risk patients the opportunity for protection 
from AAA rupture. 
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